OBJECTIVES: To investigate the relationship between handgrip strength and pulmonary function. DESIGN: Cross-sectional study of a representative sample of older Korean women. SETTING: The Korean National Health and Nutrition Examination Survey. PARTICIPANTS: Community-dwelling women aged 65 and older without chronic diseases or pulmonary disease (N5605). MEASUREMENTS: Handgrip strength was measured using a digital hand dynamometer, and pulmonary function was tested according to guidelines of the American Thoracic Society/European Respiratory Society using a spirometry system. Impaired pulmonary function was defined as a lower limit of normal (LLN) or less of forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV1). Odds ratios (ORs) and 95% confidence intervals (CIs) for impaired pulmonary function according to handgrip strength quartile were calculated using multiple logistic regression analysis. RESULTS: Mean FVC and FEV1 gradually increased in accordance with handgrip strength quartiles (all P <.001). After adjusting for age, body mass index, smoking status, alcohol ingestion, aerobic physical activity, resistance exercise, household income, and education level the odds of impaired pulmonary function were greater for participants in the first quartile of handgrip strength (19.25 kg) than for those in the fourth quartile (25.31-37.30 kg) (FVC LLN: OR53.46, FEV1 LLN: OR52.62,. CONCLUSION: Handgrip strength was positively associated with pulmonary function in a dose-dependent manner. Given the health implications of pulmonary function, timely detection of weaker handgrip strength in older people may be useful in assessing potential pulmonary function impairment.
S
arcopenia is associated with poor quality of life and loss of independence in older people. 1 The term "sarcopenia," Greek for "poverty of flesh," was first introduced in 1989 to describe progressive age-related loss of muscle mass. 2 More recently, the European Working Group on Sarcopenia in Older People recommended using indicators of both low muscle mass and low muscle function such as muscle strength and physical performance to diagnose sarcopenia. 3 To measure body composition, including total and regional lean mass, radiological evaluation methods such as computed tomography, magnetic resonance imaging, and dual-energy X-ray absorptiometry are needed, but these are expensive and time consuming in clinical practice. 4 Recently, handgrip strength, a simple bedside measure, has emerged as a proxy for muscle strength assessment. Handgrip strength is a simple, fast, standardized clinical measure of overall muscular strength. Previous studies have reported that handgrip strength is closely linked to muscle mass, nutritional status, and walking performance. [5] [6] [7] Moreover, handgrip strength is considered an important index when diagnosing sarcopenia because weak handgrip strength is a useful predictor of low muscle mass and a clinical marker of poor physical performance. 8, 9 Impaired pulmonary function is related not only to respiratory complications such as bronchitis and pneumonia, but also to cardiovascular disease and all-cause mortality. 10, 11 Thus, the early identification of older people at high risk of impaired pulmonary function is important from a public health perspective. A growing body of epidemiological research has established an association between handgrip strength and various detrimental health outcomes in older people. Age-related decrease in skeletal muscles also includes a loss of respiratory muscle mass and strength and thus may lead to impaired pulmonary function. 12 The links between handgrip strength and pulmonary function have been investigated, with most studies focused on individuals in hospital or nursing home settings or using only a small participant population. 13, 14 Little is known about the association between handgrip strength and pulmonary function in the general population. Therefore, the aim of this study was to evaluate the association between handgrip strength and pulmonary function in apparently healthy women aged 65 and older from a representative sample of the Korean female population.
METHODS

Survey Overview and Study Population
This cross-sectional study was conducted using data obtained from the 2014-15 Korean National Health and Nutrition Examination Survey (KNHANES), which the Korea Centers for Disease Control and Prevention (KCDC) conducted. KNHANES is a nationwide, representative, cross-sectional survey administered to assess the health and nutritional status of community-dwelling Koreans. Sampling was conducted using a stratified, multistage, probability-sampling design that was based on the sex, age, and geographical area of participants using household registries. The survey consists of three sections: health interview, nutrition survey, health examination survey. The health examination consists of blood pressure measurement, eye examination, oral examination, anthropometry, laboratory tests, and strength tests. In the current study, 1,773 women aged 65 to 79 were included from the 2014-15 KNHANES. Of these, we excluded 1,168 women: those with a lung disease such as chronic obstructive pulmonary disease, bronchiectasis, asthma, or pulmonary tuberculosis; those with a history of myocardial infarction, stroke, or malignancy; those with liver cirrhosis or chronic kidney disease; and those whose data were unavailable to evaluate handgrip strength and pulmonary function. After these exclusions, 605 women remained for the final analysis.
Data Collection
The 2014-15 KNHANES collected demographic, social, health, and nutritional data using the three-component survey method. Information about age, household income, and residence was collected through the health interview. Information on health-related behaviors such as aerobic activity, resistance exercise, smoking habits, and drinking status was obtained from a self-report questionnaire. The health examinations included body measurements, blood pressure, and laboratory tests. With regard to smoking habits, a smoker was defined as a person who was currently smoking and who had smoked more than 100 cigarettes during his or her lifetime. The ingestion of alcohol was defined as more than 2 to 3 drinks per week. Aerobic physical activity was defined as moderate-intensity activity for 2.5 hours or more per week or a combination of moderate-and high-intensity activity for 1 hour 15 minutes or more per week. In terms of resistance exercise, participants were asked: "How many days per week have you done resistance exercise, such as push-up, sit-up, dumbbell exercise, lift weights, the horizontal bar?" The resistance exercise group included subjects who performed resistance exercise 3 times or more per week. Height was recorded to the nearest 0.1 cm, and weight to the nearest 0.1 kg, . Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters (kg/ m 2 ). Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured 3 times using a standard mercury sphygmomanometer, and the average of the last 2 results was used for analysis. Fasting plasma glucose, triglyceride, and high-density lipoprotein (HDL) cholesterol levels were analyzed. Handgrip strength was measured using a digital hand dynamometer (T.K.K 5401, Takei Scientific Instruments Co., ltd., Tokyo, Japan). Handgrip strength was measured with the subject in a standing position with the forearm fully extended in a sideways position away from the body at the level of the thigh. Participants were asked to exert maximum grip strength 3 times each with their left and right hands. A resting interval of at least 30 seconds was allowed between each measurement. 15 Handgrip strength was defined as the maximally measured grip strength of the dominant hand. 8 Trained medical technicians conducted pulmonary function tests according to the guidelines of the American Thoracic Society/European Respiratory Society using a spirometry system. 16 
Definition of Impaired Pulmonary Function
We assessed impaired pulmonary function according to the lower limit of normal (LLN) of forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV1). The LLN cutoff values of FVC and FEV1 were obtained from a study that calculated normal predictive values of FVC, FEV1, and FEV1/FVC for a representative Korean population. 17 The cutoff values obtained were 81.5% of predicted FVC and 80.7% of predicted FEV1. 17 These cutoff values were calculated as the lower limits of the 95% confidence intervals (CIs) corresponding to 1.645 times the standard error from the mean value.
Statistical Analysis
We used sampling weights and complex sampling to find representative older Korean women for this study. Female participants aged 65 to 79 were categorized into quartiles based on handgrip strength (Q1, 19.25 kg; Q2, 19.25-22.30 kg; Q3, 22.31-25.30 kg; Q4, 25.3-37.3 kg). The results were expressed as means and standard errors (SEs) or percentages and SEs for quantitative variables. Participant characteristics were analyzed according to handgrip strength quartiles using weighted one-way analysis of variance for continuous variables and weighted chi-squared tests for categorical variables. The odds ratios (ORs) and 95% CIs for impaired pulmonary function according to handgrip strength quartile were calculated using multiple logistic regression analysis.
Ethics Statement
The KCDC institutional review board reviewed and approved the study protocol (Approval 2013-12EXP-03-5C, 2015-01-02-6C). Informed consent was obtained from all participants when the 2014-15 KNHANES was conducted in accordance with the ethical principles of the Declaration of Helsinki.
RESULTS
The demographic and clinical characteristics of 605 women are described in Table 1 according to handgrip strength quartiles. Participants had a mean age of 70.8; the oldest participant was 79. The proportion of women participating in regular aerobic physical activity and resistance exercise was highest in the fourth quartile of handgrip strength. Moreover, participants in the fourth quartile had the highest socioeconomic position, according to educational level and household income. Figure 1 illustrates FVC and FEV1 values according to handgrip strength quartiles. Mean FVC and FEV1 gradually increased in accordance with handgrip strength quartile (all P<.001). Table 2 shows the odds of impaired pulmonary function according to handgrip strength quartile. After adjusting for age, body mass index, smoking status, alcohol ingestion, aerobic physical activity, resistance exercise, household income, and education level the odds of impaired pulmonary function were greater for participants in the first quartile of handgrip strength (19.25 
DISCUSSION
We examined the association between handgrip strength and pulmonary function in a representative sample of older Korean women. In this cross-sectional study, we observed that handgrip strength was independently and positively associated with FVC in a dose-dependent manner after adjusting for potential confounding variables. Our results are consistent with those of previous studies that found that handgrip strength as a measurement of sarcopenia may indicate a decrease in pulmonary function in older people. 13, 14 Positive associations were found between handgrip strength and maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP) in bivariate correlation analysis of 62 Turkish nursing home residents with a mean age of 70.5, but only MIP was significantly associated with handgrip strength in the multiple linear regression analysis. 13 More recently, the relationship between handgrip strength and pulmonary function was studied in 50 individuals older than 70 in an acute medical ward.
14 Of spirometry measures including FEV1, FVC, peak expiratory flow, and peak cough flow, only peak cough flow was related to handgrip strength.
14 It is unclear why the relationship between handgrip strength and FEV1 and FVC our results was different from that in the previous results, but several explanations can be given. The previous studies were conducted in older people in hospitals or nursing homes, not in community-dwelling older adults, and had small sample sizes. Moreover, the important parameters related to pulmonary function such as physical activity, resistance exercise, and socioeconomic status have not been fully adjusted in most previous studies. 18, 19 Adjusting for potential confounding variables may help to clarify the true association between handgrip strength and pulmonary function.
We believe this is the first study to document that handgrip strength is positively associated with FVC and FEV1, and the positive association found between them can be applied to apparently healthy community-dwelling older women. Some mechanisms could explain the significant relationships between handgrip strength and pulmonary function. Skeletal muscle mass decreases with age and eventually leads to the loss of respiratory muscle mass and strength, for example in the diaphragm muscle. 20 Respiratory muscle strength plays an important role in the respiratory network, which adjusts the interaction between pulmonary function and the respiratory muscles to maintain adequate ventilation. 21 When a respiratory muscle is activated, intrathoracic gradients are developed, and air is exchanged at the alveolar surface. It has been reported that major parameters that represent respiratory muscle strength such as MIP and MEP are correlated with peripheral muscle strength, which indicates that respiratory muscle strength and peripheral muscle strength are interrelated. 22 In another recent study, handgrip strength as a measurement of peripheral muscle strength had a significant positive correlation with MIP and MEP. 23 Moreover, it has been suggested that weak respiratory muscle strength occurs at the beginning of a causal chain that can lead to poor pulmonary function and death. 24 A decrease in respiratory muscle strength may affect FVC more than FEV1 because the latter typically relies not only upon adequate respiratory muscle strength, but also on airway status. In this regard, the relationship between handgrip strength and FVC was more prominent than the relationship with FEV1 in the present study. Furthermore, the positive correlation between handgrip strength and aerobic activity and resistance exercise (Table 1) suggests that women who exercise regularly may have greater capacity to improve skeletal muscle power and pulmonary function.
This study has several limitations. First, it had a cross-sectional design, so caution should be used in causal and temporal interpretations, so prospectively designed studies with more participants over a longer period of time are warranted to clarify the cause-and-effect relationship between handgrip strength and pulmonary function. Second, this study was confined to older Korean women, so our findings may be limited in their application to other ethnic groups or men, and further research is warranted to clarify the usefulness of handgrip strength for assessing potential risk of pulmonary function impairment in people of other ethnicities or men.
In conclusion, handgrip strength was positively associated with pulmonary function. Given the health implications of pulmonary function, timely detection of lower handgrip strength in older adults may be useful in assessment of potential pulmonary function impairment.
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